Abstract: Littoral benthic macroinvertebrates of 45 mountain lakes in the Tatra Mountains were sampled using a semiquantitative method in September 2000. A total of 32,852 specimens were identified to 93 taxa belonging to 14 higher taxonomic groups. Multivariate statistics (CCA, RDA) and nine biotic metrics (AQEM/STAR) were used to explain relationships between macroinvertebrate assemblages and environmental variables. Up to 57% of the ecological position of littoral macroinvertebrate assemblages were explained by variance of environmental variables divided into chemical, trophic, physical, catchment and location. Five types of Tatra lakes were recognized using CCA: A -strongly acidified lakes (small catchment, low pH, high concentration of TP, DOC, highest amount of POM in littoral); B -alpine acidified lakes (low amount of POM, low values of biotic metrics); C -alpine non-acidified lakes (high value of diversity index, predominance of Diptera); D -subalpine acidified lakes (high values of biotic metrics: number of families, proportion of crenal and rhithral taxa/total taxa); E -subalpine non-acidified lakes (high values of biotic metrics: number of families, number of genera, BMWP score, number of taxa and abundance of EPT taxa). RDA was used to design five levels of macroinvertebrate taxa acidification tolerance. The Tatra Acidification Index (TAI) was established to assess the acidification status of the lakes in the Tatra Mts.
Introduction
Investigations of benthic fauna dwelling in the Tatra lakes have a relatively long tradition. Data on the distribution and ecology of benthic invertebrates have been collected since the beginning of the 19 th century (Vejdovský, 1884; Daday, 1896 Daday, , 1897 Kowalewski, 1914; Minkiewicz, 1914; Zavřel, 1935a Zavřel, , b, 1937a Zavřel & Pagast, 1935; Hrabě, 1939a Hrabě, , b, 1942 Mayer, 1939; Gowin & Zavřel, 1944; Čer-nosvitov, 1930; Obr, 1955; Ertlová, 1964 Ertlová, , 1987 Šporka, 1992b; Krno, 1988a, b; Kodada, 1990; Kasprzak, & Šporka, 1991; Chvojka, 1992; Kownacki et al., 1997 Kownacki et al., , 2000 . Benthic macroinvertebrate assemblages of the littoral and profundal of the lakes started to be intensively studied from the 1960s, initially in connection with eutrophication (Juriš et al., 1965) , and later with acidification processes (Krno et al., 1985 (Krno et al., , 1986 Krno, 1991a, b; Šporka, 1992a; Vranovský et al., 1994; Bitušík, 1996) . The research continues to the present (Zaťovičová, 2002 (Zaťovičová, , 2003 Bitušík et al., 2003 Bitušík et al., , 2006 Tá-tosová & Stuchlík, 2003; Bitušík, 2004; Hamerlík, 2004; Bulánková & Zaťovičová, 2006; Hamerlík et al., 2006) .
Benthic invertebrates have been used as a useful tool for the assessment of eutrophication and possible damage due to acidification of fresh-water ecosystems (Raddum & Fjellheim, 2002) . Remote mountain lakes are generally considered to be excellent indicators of environmental changes, including effects of acid deposition, toxic pollutants and climatic change. Long-time limnological study of the Tatra lakes was one of the reasons to incorporate these ecosystems into groups of European lakes that were studied intensively in the framework of the multidisciplinary and multinational EU projects AL:PE 2, MOLAR and EMERGE (for review see Štefková & Šporka, 2001 ).
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I. Krno et al. The aims of the present study were (i) to summarize all available data on littoral benthic macroinvertebrates and water chemistry from 45 sub-alpine and alpine Tatra lakes collected in 2000; (ii) to model interactions between littoral macroinvertebrates and environmental variables.
Study area and sampling sites
The investigated lakes are situated on both sides of the Slovak-Polish border in the Tatra Mountains (Mts). Forty five lakes are located above tree line between 1,579 and 2,157 m above sea level. Bedrock is predominantly composed of non-calcareous rocks (granitoids, gneiss, and mica schist). The development of soils and vegetation depends strongly on altitude. Land cover of the alpine zone is composed mostly of moraine or rocks, soils are mostly undeveloped, and vegetation is dominated by alpine meadows (dry tundra). The catchments of subalpine lakes have generally larger amounts of soil, they are overgrown with meadows and dwarf pine, and the proportion of bare rocks and moraine is lower. The impact of tourism on the quality of water of the investigated lakes is negligible. Grazing and other land-use activities have been prohibited since the early 1950s. Some lakes are inhabited by populations of non-native fish species (Salmo trutta L., 1758) and Cottus poecilopus Heckel, 1837). The list of the examined lakes with their basic parameters is given in Appendix 1. More detailed morphological, hydrological, soil and water characteristics are given in Kopáček et al. (2004) and Gregor & Pacl (2005) .
Material and methods

Field sampling
Altogether, 33 Slovak and 12 Polish mountain lakes were sampled in the second half of September 2000. At each sampling site, kick samples (1 m deep) of littoral zoobenthos were collected using a hand net (frame 25 ⊆ 25 cm, mesh size 300 µm) (FROST et al., 1971 ) disturbing the substrate for 5 min. The sampling consisted of short kick series from different substrate types to obtain comparable data. Collected material was mixed, placed into plastic bottles and preserved with 4% formalin. Organisms were hand-sorted under a stereoscopic microscope, identified to the lowest possible taxonomic level and counted.
Data analyses
Statistical analyses were performed according to methodical procedures published in the EU-EMERGE Project (2003) . For statistical analyses selected environmental variables from Emerge databases (measured in the Tatra Mts) were used. 1. Proximal variables:
1.1 Chemical variables: pH, conductivity, calcium (Ca), chloride (Cl), sulphate (SO4), magnesium (Mg), potassium (K), sodium (Na), alkalinity (Alk), nitrate (NO3), ammonium (NH4);
1.2 Trophic variables: total dissolved organic carbon (TDOC), phosphorus (P), total organic nitrogen (TON), total phosphorus (TP), silica (Si), NO3/NH4 (NO3 to NH4 ratio), bacterial abundance (Bac), chlorophyll a (Chl), presence/absence of fish (Fish); 1.3 Physical variables: lake area (L area), maximum lake depth (Depth), % of gravel in littoral substrate (Gravel), % of sand in littoral substrate (Sand), % of organic matter in littoral substrate (Organic), presence of inflow (In), presence of outflow (Out), residence time (Res), water temperature (Temp), ice-cover duration (IceCov). 2. Catchment variables: catchment area (C area), % bare ground (Bare), % moorland/peat/shrub (Moor), % meadow/rural (MedRur), % woodland-dwarf pine (Wood), maximum altitude in the catchment (MaxAlt).
Location variables: altitude (Alt).
Canonical correspondence analysis (CCA -the unimodal model of ecosystem study) was performed to assess the relationship between littoral fauna (Appendix 2) and environmental variables. Chemical, trophic, physical, catchment and location variables were analyzed separately. Potentially important factors controlling littoral fauna were selected from each group of environmental variables by forward selection associated with Monte Carlo permutation tests (999 permutations; P = 0.05). Probability levels in the forward selection were adjusted using the Bonferroni correction. Variation partitioning procedure (LEPŠ & ŠMILAUER, 2000) was applied to distinguish independence and relative importance of each group of environmental variables to littoral benthic communities (EU-EMERGE Project, 2003) .
Redundancy analysis (RDA -the linear model of acidification study) (TER BRAAK & ŠMILAUER, 1998) was performed to test the influence of acidification on littoral macroinvertebrate communities. Significance of chemical variables connected with acidification (pH, alkalinity, conductivity, Ca, Mg, Na and sulphates) was tested by forward selection. Probability levels in the forward selection were adjusted using the Bonferroni correction (EU-EMERGE Project, 2003) .
Metric values of macroinvertebrates were calculated with the software ASTERICS (AQEM/STAR Ecological River Classification System). Nine metrics, best representing the differences among lake types, were selected from all calculated ones: Number of Families (NFAM), Number of Genera (NGEN), Diversity Index (Shannon) (DIS), Biological Monitoring Working Party (BMWP -ARMITAGE et al., 1983) , Proportion of Ephemeroptera, Plecoptera and Trichoptera taxa (% EPT taxa), Proportion of crenal and metarhithral taxa/littoral taxa (% crenal + rhithral/littoral taxa), Number of EPT taxa (EPT taxa), Proportion of Diptera taxa (% DIP), and Average Score Per Taxon (ASPT). To test significant differences among metrics of lake types defined through CCA, one-way analysis of variance (ANOVA) was performed. The SigmaStat 3.1 computer package was used for this analysis and results with P < 0.05 were considered significant.
Prior to ANOVA, % EPT taxa and % DIP were ln(x + 1) − ln(y + 1) transformed, where x = the number of individual taxa and y = the number of total taxa (see KERANS et al., 1992) .
Box and whisker plots of environmental parameters and biological metrics were applied to visualize the distribution of values of predefined lake types. 
Results
Faunistics
A total of 32,852 specimens of benthic macroinvertebrates from 45 mountain lakes were identified to 93 taxa belonging to 14 higher taxonomic groups: Hydrozoa, Turbellaria, Nematoda, Mollusca, Oligochaeta, Hydracarina, Amphipoda, Ephemeroptera, Plecoptera, Heteroptera, Megaloptera, Coleoptera, Trichoptera and Diptera (Appendix 2).
Diptera with 41 taxa (35 of them were chironomids), followed by Oligochaeta (17 taxa) and Coleoptera (10 taxa) amounted to 79% of the total taxonomic richness. Eight taxonomic groups were represented only by one taxon. Oligochaeta and Chironomidae held also a dominating share with 15,746 and 12,373 individuals (48% and 38% of the total number of animals). Abundance of the other benthic groups ranged from 3 (Heteroptera) to 2,708 (Turbellaria) specimens.
Diptera were recorded from all the sampling sites. Oligochaeta were the second most frequent group with presence at 96% of sites followed by Plecoptera (73%), Trichoptera (69%), and Turbellaria (56%). On the contrary, Hydrozoa, Mollusca, Amphipoda and Heteroptera were found only at 1-2 sites.
Twenty five taxa (27%) occurred only in the littoral of one lake, and 43 taxa (46%) were collected from three sites at most. Only 7 taxa can be considered as frequent (found in more than 50% of the sites). Three of them represent the temporal benthic fauna: Heterotrissocladius marcidus (found in 78% of all sites), Micropsectra spp. (73%), Corynoneura spp. (62%), and four taxa belong to the permanent fauna: Nais variabilis (69%), Crenobia alpina (56%), Cernosvitoviella atrata (56%) and Stylodrilus heringianus (53%).
The most frequent non-chironomid insects were represented by Capnia vidua (42%), Nemurella pictetii (33%), Ameletus inopinatus (31%), Allogamus spp. (31%) and Agabus bipustulatus (29%).
Among the 45 investigated lakes, Vyšné Temnosmrečinské pleso with 28 taxa, Czarny Staw Polski (27 taxa), Nižné Temnosmrečinské pleso (25), Vyšné Žabie bielovodské pleso (24), and Czarny Staw pod Rysami (20) can be characterized as the most diverse sites. The lowest numbers of taxa were recorded in the lakes Vyšné sivé pleso (3), Okrúhle pleso (5) and Zadni Staw Gąsienicowy (6).
The mean number of taxa in the littoral of the investigated Tatra lakes was 15.
A comparison of the lakes shows that benthic fauna was far from uniform with respect to abundance. While the samples of some lakes in the Slovak part of the Tatra Mts gave 2,177 to 5,583 specimens per 5 minutes of sampling (e.g., Litvorové pleso, Vyšné Terianske pleso, Malé Žabie javorové pleso), the highest abundance in lakes in the Polish part of the mountain range reached only 732 to 866 specimens (e.g., Czarny Staw pod Rysami, Czarny Staw Polski, Wyżni Mnichowy Stawek IX) (Appendix 2).
Very low abundances were recorded in Žabie javorové pleso (22 specimens), D lugi Staw Gąsienicowy (28) and Vyšné sivé pleso (31). The mean abundance of macrozoobenthos in the littoral of the Tatra lakes was 730 specimens per sample.
The most frequent taxa reached the highest abundance: the mean abundance of Nais variabilis was 205 individuals per sample, Cernosvitoviella atrata 106, Heterotrissocladius marcidus 76, Corynoneura spp. 61 and Crenobia alpina 60 specimens per sample.
Relationship between macroinvertebrates and environmental variables in the lakes A CCA with forward selection for separately tested groups of environmental variables suggests that pH (from the group of chemical variables), Temp (physical variable group), TP (trophic variable group), max Alt (catchment variable group), and altitude (location variable group) best explain the variance in distribution of macroinvertebrate taxa (Tab. 1).
Fifteen environmental variables were considered to be statistically significant. From tested groups (Tab. 2), the group of chemical variables explained the highest S150 I. Krno et al. Fig. 1 . Position of remote Tatra lakes in the area of the first two CCA canonical axes characterized by 9 environmental variables. Classification of the groups of lakes: A -strongly acidified lakes; B -alpine acidified lakes; C -subalpine acidified lakes; D -alpine non-acidified lakes; E -subalpine non-acidified lakes. Lakes are numbered as follows: 1 -Štvrté Roháčske pleso; 3 -Nižné Jamnícke pleso; 4 -Vyšné Račkove pleso; 6 -Veľké Bystré pleso; 7 -Zielony Staw Gąsienicowy; 8 -Zelené krivánske pleso; 9 -D lugi Staw Gąsienicowy; 10 -Zadni Staw Gąsienicowy; 11 -Nižné Terianske pleso; 12 -Zadni Staw Polski; 13 -Czarny Staw Gąsienicowy; 14 -Vyšné Terianske pleso; 15 -Zmarzly Staw Gąsienicowy; 17 -Vyšné Wahlenbergovo pleso; 18 -Czarny Staw Polski; 19 -Nižné Temnosmrečinské pleso; 20 -Okrúhle pleso; 21 -Capie pleso; 22 -Vyšné Temnosmrečinské pleso; 23 -Wielki Staw Polski; 26 -Malé Hincovo pleso; 27 -Veľké Hincovo pleso; 29 -Czarny Staw pod Rysami; 30 -Veľké Žabie pleso; 31 -Dračie pleso; 32 -Vyšné Žabie bielovodské pleso; 36 -Litvorové pleso; 37 -Batizovské pleso; 39 -Zelené javorové pleso; 41 -Malé Žabie javorové pleso; 42 -Pusté pleso; 43 -Vyšné zbojnícke pleso; 44 -Prostredné zbojnícke pleso; 45 -Ľadové pleso; 47 -Starolesnianske pleso; 49 -Žabie javorové pleso; 51 -Prostredné sivé pleso; 54 -Veľké spišské pleso; 56 -Prostredné spišské pleso; 101 -Wyżni Siwy Stawek; 102 -Dwoisty Staw Wschodni; 105 -Vyšné Furkotské pleso; 106 -Wyżni Mnichowy Stawek IX; 107 -Vyšné Satanie pliesko; 109 -Slavkovské pleso; 110 -Čierne pleso. Abbreviations of environmental variables: IceCover -lasting of the ice cover; TP -total phosphorus; TDOC -total dissolved organic carbon; Temp -temperature; Fish -occurrence of fish; L area -lake area; Outlet -occurrence of lake outlet; pH -pH. proportion of the variability of biological data (15.4%), followed by the group of physical variables (10.4%). A total of 58% of biological data variation was explained by all environmental variables together without separating into groups, while pH was the most important factor, explaining 8.1% followed by Temp. 7.3% and TP 5.0% (Tab. 3). TDOC, Ca, presence of outlet, ice cover duration, occurrence of fish and lake area were also significant. Figures 1 and 2 graphically demonstrate the distribution of taxa and lakes along the main environmental gradients in the CCA ordination diagram. The environmental variables which are best related to first four axes of variability are indicated in Table 4 . Chemical and trophic variables were found to be best correlated with the first axis, physical ones with the second axis. The only factor best correlated with axis 4 is the occurrence of fish.
To assign the key taxa whose distribution patterns were most influenced by environmental variables, the data on individual taxa were analyzed by CCA (Tab. 5). Only taxa with more than 15% of variation explained are shown in the table. Macroinvertebrate taxa distribution was most strongly related to altitude (water temperature, ice-cover duration) (Fig. 3) . The chirono- mid Heterotrissocladius marcidus is a good example of eurytopic Tatra species occurring in all types of Tatra lakes (Fig. 3A) . On the contrary, stenotopic species such as Pseudodiamesa nivosa occurred just in alpine lakes ( Fig. 3B ), while the stonefly larvae Diura bicaudata is a typical species inhabiting subalpine lakes in the Tatra Mts.
Lake typology
The results of CCA are visualized in Fig. 1 which presents the plot of the lakes along gradients of environ- mental variables. Significant differences among metrics of particular lake groups justify the recognition of five types of Tatra lakes. Group A: Strongly acidified lakes. Lakes of this group can be characterized by small lake basin, low pH, high concentrations of total phosphorus (TP), and highest % of organic matter of littoral substrate (Organic) (Fig. 4) . The occurrence of Sialis lutaria, Limnephilus coenosus, Zalutschia tatrica and the high proportion of Diptera in macroinvertebrate assemblages ( Fig. 6D ) were indicative for these lakes.
Group B: Alpine acidified lakes. The lake group is characterized by the smallest proportion of particulate organic matter in littoral (Fig. 4) , and low values of some biotic metrics (number of genera, diversity index, and % EPT taxa) (Fig. 5) . Presence of alpine taxa Leuctra rosinae, Allogamus spp. and Pseudodiamesa nivosa is characteristic for this lake type.
Group C: Subalpine acidified lakes. Low diversity index and a dominating share of Diptera in the assemblages are indicative for this lake group (Figs 5, 6) . Characteristic species were identified as follows: Cernosvitoviella tatrica, Tubifex ignotus and Nemurella pictetii. Group D: Alpine non-acidified lakes. Lakes of this group are mostly located in the Polish part of the Tatra Mts. High values of some biotic metrics (number of families, proportion of crenal and metarhithral taxa/littoral taxa -Figs 5, 6) were found. Characteristic species include Haplotaxis gordioides and Arcynopteryx compacta, plus the alpine taxa mentioned in group B.
Macroinvertebrates of mountain lakes in the Tatra Mts
Group E: Subalpine non-acidified lakes. Some biotic metrics of invertebrate assemblages (number of families, number of genera, BMWP, EPT taxa and % EPT taxa) were found to have high values. Diura bicaudata, Pedicia rivosa, Eukiefferiella spp., Micropsectra spp. and Zavrelimyia spp. were indicative taxa for this lake group.
Relationship between invertebrate taxa and acidification status of the lakes Among all the variables connected with lake acidification status, that were tested using RDA, only pH and conductivity were statistically significant (Tab. 6). The distribution of taxa related to both environmental variables is shown in Fig. 7 . In general, the taxa on the right side are acidophilic (e.g., Zalutschia tatrica and Limnephilus coenosus), while left-hand taxa (e.g., Diura bicaudata, Electrogena lateralis, Ameletus inopinatus) can be considered to be acidophobic. The space demarcated by the outlying positions of taxa was divided into five segments, and acidification indices (0.0, 0.25, 0.5, 0.75, 1.0) were allocated to taxa situated in separate segments (Tab. 7). Indicator taxa with the same tolerance to acidity have the same acidification index. Based on this analysis, the Tatra Acidification Index (TAI) was established to assess the acidification status of the lakes in the Tatra Mts. A close relationship between pH of the investigated lakes and their TAI based upon littoral macroinvertebrate assemblages was discovered (Fig. 8) .
Discussion
The first macroinvertebrate investigations in the Tatra lakes (Hrabě, 1939a (Hrabě, , b, 1942 ) already pointed out the dominance of Chironomidae and Oligochaeta with respect to number of taxa and abundance. Results of these studies have been supported by all later research, including the present study. Krno et al. (1986) found Chironomidae and Oligochaeta to be predominant mainly in oligotrophic lakes above tree-line, and Pseudodiamesa branickii, Heterotrissocladius marcidus (Chironomidae), family Enchytraeidae, Nais variabilis, Stylodrilus heringianus, Tubifex tubifex (Oligochaeta), Crenobia alpina (Turbellaria) were considered to be characteristic taxa of them. H. marcidus, N. variabilis, Cernosvitoviella atrata (Enchytraeidae), S. heringianus and C. alpina were also among the most frequent and abundant species in the present study. The share of chironomids and oligochaetes in the macroinvertebrate assemblages in the 1980s (43% and 45-22%, respectively) (Krno, 1988a) is comparable with the recent results (48% and 38%, respectively). Our current results related to the status of Chironomidae in the littoral of Tatra lakes correspond well to previous studies (Ertlová, 1987; Hamerlík, 2004) . Similarly, our Oligochaeta data (17 taxa) correspond very well to the results of Šporka (1992a) who identified 18 taxa in the littoral of West Tatra lakes, with the same assemblage structure.
It is worth mentioning that 93 taxa were recorded by sampling from one sampling date only. By comparison, Krno et al. (1986) brate taxa after 5 years of investigation in nearly the same number of Tatra lakes. This means that one semiquantitative sampling taken at a good time can cover around 85% of the total taxa richness. However, differences can be seen regarding the number of identified taxa belonging to the temporal (with exception of Chironomidae) and permanent fauna, respectively. For example, Krno (1991a) determined 65 insect taxa in a study spanning 7 years, while during this study 35 taxa were identified; however, the older study was additionally supported by collecting of adults. Krno (1991a) found Nemurella pictetii and species of the genus Chaetopteryx to be the characteristic taxa for various types of Tatra lakes. Agabus bipustulatus, Ameletus inopinatus, Capnia vidua and Acrophylax spp. were considered as indicative taxa of alpine and/or sub-alpine Tatra lakes. Our present study revealed the same taxa, supplemented by Allogamus larMacroinvertebrates of mountain lakes in the Tatra Mts S157 vae, to be the most frequent in the littoral of the investigated lakes. Hamerlík et al. (2006) found a higher number (110) of macroinvertebrate taxa in inlets and outlets of the Tatra lakes as a consequence of more diverse conditions in the lotic habitats compared with the littoral zone. However, the structure of macroinvertebrate assemblages of both biotopes is very similar with respect to taxonomic composition, number of taxa and their abundance in the dominant taxonomic groups. Diptera, Oligochaeta, Plecoptera, and Turbellaria were the most frequent groups in both biotopes. Trichoptera, Chironomidae and Oligochaeta predominated also in the littorals.
Compared with the outlets, a higher number of frequent taxa (found in more than 50% of samples) was collected in the littoral. In addition to four taxa common for both biotopes (Heterotrissocladius marcidus, Micropsectra spp., Nais variabilis and Crenobia alpina), also Corynoneura spp., Cernosvitoviella atrata and Stylodrilus heringianus were frequent in the littoral.
The same taxa were found to be the most abundant both in the littorals and the outlets, only abundance of Ameletus inopinatus was recorded higher in the outlets.
The presented results support the biological significance of temperature and pH as environmental factors. Lake surface water temperature often follows air temperature which is strongly correlated with altitudinal gradient. Šporka et al. (2006) found a linear relationship between surface water temperature and duration of ice cover on altitude in the Tatra lakes. Lotter et al. (1997) pointed out that major changes in the investigated biota of lakes in the Alps are not related to catchment-related characteristics but to major climate gradient connected with altitude. The effects of decreasing water temperature with an increase of altitude on the Tatra macroinvertebrate fauna were observed by authors in the past (e.g., Hrabě, 1939b Hrabě, , 1942 Ertlová, 1987; Krno, 1991a) .
Atmospheric acidification of the Tatra lakes progressed since the early 20 th century and peaked in the 1980s (Kopáček et al., 2000) . The sensitivity of the lakes to acidification and stage in the acidification process are determined by the sum of base cations, especially Ca and Mg. Fott et al. (1994) recognized three main categories of Tatra lakes according their acid-base status in the 1980s, and described characteristics of the zooplankton communities in each category. Another classification emphasized changes in chemistry and taxa composition of benthic macroinvertebrates in the Tatra lakes with different degrees of acidification (Krno et al., 1985 (Krno et al., , 1986 .
Low pH in the acid sensitive, strongly acidified Tatra lakes can apparently override the effects of other environmental factors. Bitušík et al. (2006) found that chironomid assemblages tend to be species poor and uniform ("azonal"), and considered the chironomid Zalutschia tatrica to be a reliable indicator of acid conditions in the Tatra lakes (see also Kownacka & Kownacki, 1965) . Taxonomic composition has allowed the group of strongly acidified Tatra lakes to be easily distinguished from the others (Bitušík et al. 2003, 2006 ).
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I. Krno et al. Galas et al. (2004) recognized three groups (types) of mountain lakes in the Polish part of the Tatra Mts that correspond with groups A, C and E in this paper. The strongly acidified small lake Wyżni Mnichowy Stawek IX (alkalinity 0.0 µeq L −1 ) was included in the A group in our classification scheme and its dominant species Zalutschia tatrica (Chironomidae) is a glacial tundra relict (Kownacka & Kownacki, 1965) . The second group consisted of lakes with different acidification status (alkalinity from 13-40 µeq L −1 ) located mostly in Gąsienicowa Hala valley (Zadni Staw Polski, Zadni Staw Gąsienicowy, Czarny Staw Gąsienicowy and especially Zmarzly Staw Gąsienicowy, D lugi Staw Gąsienicowy, Dwoisty Staw Wschodni), compose group C. Most of lakes from the third group (Czarny Staw Polski, Wielky Staw Polski, Czarny Staw pod Rysami, Wyżni Siwy Stawek) with alkalinity above 40 µeq L −1 were incorporated into group E (nonacidified sub-alpine lakes). The presence of the acid sensitive species Crenobia alpina (Turbellaria) and Diura bicaudata (Plecoptera) (Raddum & Fjellheim, 2002) in the littoral support the non-acidified status of these lakes.
In the past, a number of investigations were carried out to evaluate the acidification of aquatic biotopes using macroinvertebrates. Invertebrates have been used as 'early-warning' organisms to detect possible negative effects due to acidification on freshwater ecosystems, and a model based on invertebrate tolerances to different levels of acidification has been developed (Raddum et al., 1988; Fjellheim & Raddum, 1990) . Later, Larsen et al. (1996) quantified the relationship between invertebrates and pH using multivariate statistics. Braukmann (2001) has developed a similar system for monitoring of acidification in running water.
The majority of studies evaluating the relationship between acidification of aquatic biotopes and macroinvertebrate response have been done in running waters in various regions of Europe (Suttcliffe & Carrick, 1973; Allard & Moreau, 1986; Krno et al., 1995; Scheibová & Helešic, 1999; Braukmann, 2001) , where the response (susceptibility) of benthic organisms to acidification status differs from the situation in stagnant waters. For instance, taxa included by Braukmann (2001) in the first acidity class do not occur in the Tatra lakes of the alpine zone; his group roughly corresponds to our taxa with acidification index 1 or 0.75, and his last group 4 corresponds roughly to our groups with acidification index 0.25 or 0. Greater conformity was found between our results and results obtained from lake ecosystems (Raddum, 1980; Raddum et al., 1988; Krno, 1991a; Fjellheim et al., 2000) .
A comparison of historical data on the distribution of benthic macroinvertebrates in the littoral of the Tatra lakes (Krno, 1991a) with the present results indicates the return of some acid-sensitive taxa to previously acidified lakes. Some extent of biological recovery as a response to chemical recovery from acidification (Kopáček et al., 2003 (Kopáček et al., , 2006 Key: For explanation of lake numbers see Appendix 1; Taxa codes -abbreviations of taxa names used in the analyses, composed of the first three letters of genera and species names.
